Introduction
In addition to alcohol and tobacco, cannabis is one of the most abused substances globally [1] . It is an extensively used recreational substance [2] . Few states in the United States of America (USA) currently have laws broadly legalizing marijuana in some form. With the rise in cannabis legalization across the USA, the prevalence of marijuana use is expected to grow. Some studies reported that marijuana use affects the cardiovascular system, posing a risk in older people with coronary heart disease and with tachycardia at rest [3] . In other study and few case reports, the risk of myocardial infarction increased nearly five times after 1-hour post marijuana smoking when compared to marijuana non-smoking period [4, 5] . The results of long-term use of marijuana have been reported in very few studies, with no increased risk of mortality in the age group of younger than 50 years [6] . However, the literature remains contentious with regard to this issue and additional studies are required to elucidate the potential relationship between marijuana use and cardiovascular events. The current study was designed to analyze the acute myocardial infarction (AMI) prevalence with marijuana use, the odds of AMI incidence with marijuana use, and the predictors of inpatient mortality in AMI with marijuana use.
Materials And Methods
We analyzed a population-based sample of AMI patients from the 2010 to 2014 National Inpatient Sample (NIS) Database of the Healthcare Cost and Utilization Project (HCUP) sponsored by Healthcare Research and Quality Agency (AHRQ). NIS is the largest all-payer inpatient healthcare database which is publicly accessible in the United States. NIS database comprises a 20% sample inpatient from 1000 hospitals of more than 40 states which contain an average of seven million unweighted discharges per year. This data estimate results for more than 35 million weighted hospitalizations of the US population [7] .
In our study, the Clinical Classifications Software (CCS) diagnosis code 100 was used to recognize the AMI patients aged 11 to 70 years. Of these, histories of marijuana dependence and non-dependent marijuana use were identified using International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM) codes 304. 30, 304.31, 304.32, 305.20, 305.21, and 305.22 . The approach has already been used before to precisely distinguish patients with a history of recreational use of marijuana [8] . Moreover, we examined patients' baseline demographic and hospital details between two groups AMI-marijuana vs. AMI-non marijuana as shown in Table 1 We also assessed the trends of AMI prevalence and AMI-related mortality in 11-70 years old marijuana users as shown in Figure 1 .
FIGURE 1: Trends of AMI Prevalence and Mortality per 100,000 Marijuana Users in the United States
The primary outcome in our study was the prevalence of AMI, predictors of AMI incidence and inpatient mortality and secondary outcomes included the length of stay (LOS), total hospital charges, and complications. We used ICD-9 CM codes and Clinical Classification Software codes to identify the comorbidities which were not classified in NIS database shown in the appendix.
Pearson chi-square test for categorical variables and Student t-test for continuous variables were used to compare the baseline demographic and hospital characteristics between two groups (without vs. with marijuana) of AMI patients. A two side tailed p-value <0.05 was considered to determine the statistical significance. The categorical variables were measured in percentages, and continuous variables were expressed in mean±SD. We evaluated odds of AMI incidence and in-hospital mortality in AMI with marijuana use by univariate analysis and then clinically significant relevant patients' variables were incorporated in multivariate logistic regression after adjusting for potential confounders including demographic and hospital criteria, history of substance abuse, and other relevant comorbidities. Odds ratio, 95% confidence interval, and p-value were used to report logistic regression results. The multivariate regression model was adjusted for potential confounders such as age, race, sex, median household income, smoking, and cocaine abuse to assess the odds of AMI incidence in marijuana users ( Table 3 ). The multivariate regression models for inpatient mortality was adjusted for confounding factors such as age, race, the length of stay, the median house of income in the zip code, an indicator of sex, hospital bed size, smoking and cocaine abuse. The trends of baseline demographics, AMI prevalence and complications from 2010-2014 were measured by Cochran-Armitage test. All statistical analyses were executed by IBM SPSS Statistics 22.0 (IBM Corp, Armonk, New York). We used weighted data to produce national estimates in our study. Institutional Review Board authorization was not needed in this study because NIS database does not contain patients' identification details. 
Variables

Results
Study population
We identified 2,451,933 weighted hospitalized AMI patients from the 2010 -2014 NIS database. Of these, there were 35,771 patients with a history of marijuana and 2,416,162 patients without a history of marijuana use. The mean age (years) was 49.3 ± 10.7 in the AMI-marijuana group as compared to 57.7 ± 8.9 in AMI non-marijuana group. AMI-marijuana group consisted more of younger, male (76.9% vs. 66.0%), black (33.0% vs. 13.8%) patients with more Medicaid enrollees (26.9% vs. 11.9%) compared to the non-marijuana group. In White, Hispanic and Asian ethnicities, males had a higher prevalence of AMI with marijuana use while in the Black race, females had a higher prevalence of AMI in marijuana users. The age group 41-55 years had the highest prevalence (50.1%) of AMI with marijuana use.
The disposition by 'against medical advice' was higher in AMI with marijuana patients (4.0% vs.1.2%). Urban -teaching hospital documented more of AMI patients with marijuana use (61.7% vs. 54.4%). The low-income group ($1 -$39,999) had a higher number of AMI-marijuana group patients as compared to AMI-non marijuana group (44.0% vs. 32.2%). Weekend hospital admissions were increased in AMI with marijuana patients (28.4% vs. 25.8%) as compared to AMI without marijuana patients. Inpatient mortality rate was found lower in AMI with marijuana group (3.4% vs. 5.8%) ( Table 1) .
Co-morbidities such as cardiomyopathy, previous myocardial infarction (MI), family history of coronary artery disease, chronic pulmonary disease, other neurological disorders, depression, psychosis, alcohol abuse, drug abuse, smoking, cocaine abuse, amphetamine abuse, fluid and electrolytes disorders, and liver disease were more prevalent in the AMI with marijuana group (all p<0.001) ( Table 2 ).
The prevalence trends of dysrhythmias, respiratory failure, cardiogenic shock, and congestive heart failure increased by 4.7%, 6.4%, 1.4%, 1.4%, respectively from 2010 to 2014 (p<0.0001) (Figure 2 ). 
Odds of AMI incidence in marijuana use
The odds of developing AMI in marijuana users were considerably higher in the male sex (OR=1. 
Length of stay & total hospital charges
The mean length of stay (days) (4.7±5.9) vs. 5.6±8.0)) and total hospital charges ($76,272.23 vs. $85,702.22) were lower in AMI with marijuana group. The total mean hospital charges were increased from 2010 to 2014 whereas, there was no major change in the mean length of stay from 2010 to 2014. The mean length of stay was almost equivalent in females and males ((4.8±5.7) vs. (4.7±6.0)). All p-values were <0.001.
In-hospital mortality
Among all age groups, the 41-55 years' group showed the highest mortality (46.3%) related to AMI in marijuana users. The mortality in females was found to be higher in White and Black races, whereas Asian and Native American ethnicities showed male predominance. The trend of inpatient mortality pertinent to AMI in marijuana users was significantly increased by 14.7% from 2010 to 2014 (trend p<0.0001) ( Figure 1) , however; the odds of mortality was not significantly increased in AMI-marijuana group as compared to AMI-non-marijuana group (adjusted OR 0.742, CI 0.693-0.795, p<0.001). 
Discussion
In this retrospective analysis, after adjusting the potential confounding factors in different regression models, we reported that use of marijuana linked to amplify the risk of AMI 3-8% irrespective of the duration of marijuana consumption. The previous study has also shown that risk of AMI is amplified in the individuals who smoke marijuana [4] . There were 13 cases of chest pain and MI which were associated with marijuana smoking [9] . However, the previous studies had the small sample size and did not take the confounding factors into account in the results. Our study utilized the largest inpatient database of the United States which can measure the more accurate risk of AMI in marijuana users. In our study, marijuana use in AMI did not increase overall mortality. Current literature also supports that individuals with long-term use of marijuana may have no increased risk of mortality in the age group of younger than 50 years [10] . According to The Substance Abuse and Mental Health Statistics National Survey [11] for 2006, the substance abuse dependence among adolescents older than 12 years of age and adults was twice more in males than females (12.3% vs. 6.3%). The epidemiology of substance abuse has changed in past few decades, with an increase in girls' substance abuse [12] . Our study revealed steadily increasing trends (year-wise frequency) of AMI incidence with marijuana use in the female group from 2010 to 2014.
Risk Factors/ Co-morbidity Source Codes
Our study showed that AMI with marijuana group consisted more of younger, male (76.9% vs. 66.0%), African American (33.0% vs. 13.8%) patients compared to the non-marijuana group. The same result has been documented previously [2, 9] . The higher weekend admissions in AMI-marijuana users could be related to recreational substance use more during weekends leading to higher AMI during the same time.
The shorter length of stay (LOS) in days and lesser hospital charges in the AMI-marijuana group can be explained due to higher patient disposition against medical advice as compared to the AMI-non marijuana group. In our study, Medicaid is the primary payer in the majority of AMI-marijuana group patients which could be explained by a higher number of low-income patients affected by AMI and forced to have costly substance abuse treatment through Medicaid [8] . The main biological effects of smoking marijuana are mediated by the cannabinoids (CBs) receptors (CB1, CB2) which are located in the central nervous system, heart, adrenal gland, lung, liver [13] .
Our study revealed that previous history of MI was documented higher in AMI with marijuana group. In patients with past medical history of coronary artery disease, marijuana appears to produce angina symptoms sooner after exertion as compared to tobacco smoking [14] . The family history CAD which is originally risk factor for AMI was also found to be higher in hospitalized AMI-marijuana group patients.
As the previous study has also described depression, psychosis, alcohol abuse, smoking, cocaine abuse, amphetamine abuse and drug abuse were found to be higher with marijuana as compared to nonmarijuana users [15] . In addition to the impact of cocaine abuse on stroke [16] , an association between cannabinoids use and neurovascular complications have also been reported [17] . In an animal experiment done on rats, THC has shown toxic effects on the mitochondria of the brain by the generation of hydrogen peroxide and reactive oxygen radicals, which is one of the mechanisms involved in stroke in humans [18, 19] . Our study showed increasing year-wise-frequency of dysrhythmias, respiratory failure, cardiogenic shock, and congestive heart failure in AMI patients with marijuana use between 2010 to 2014 which could be because of inhaled marijuana generating more carboxyhemoglobin that could interfere in cellular oxygenation [20] . Poor oxygenation to myocardium and lungs could be the explanation for increased cardiovascular diseases with marijuana use [21] . The dysrhythmias after marijuana smoking can be due to increased sympathetic and decreased parasympathetic activity by tetrahydrocannabinol (THC) [22] . The tachycardia is the most consistent finding after smoking marijuana because of increased sinus node automaticity [23] . Beta-adrenergic stimulation by marijuana induces sinus tachycardia in humans [24] . Cannabis usage can lead to ischemic episodes and tachyarrhythmias [22, [25] [26] [27] , it can also result in an increase in parasympathetic tone and parasympathetic activity which cause sudden asystolic arrest causing death [28] . The obstructive lung diseases could result from long-time exposure to marijuana smoking [29] . Chronic obstructive pulmonary disease (COPD) is more common among AMI patients (13.2%) with extended LOS, higher mortality, and more adverse outcomes as compared to those without COPD [30] .
This study has a few limitations. Over-reporting or under-reporting the estimated population is possible in this study because of ICD-9 coding errors in an administrative database such as NIS. The time for which patients used marijuana was not specified in the database so we could only measure lifetime risk of AMI in marijuana users. We cannot follow up our study population due to nature of the data. The limitations can be overlooked if the benefits of the large database are weighed against it to analyze marijuana impact on cardiovascular disease.
Conclusions
In our study, the lifetime AMI odds were increased up to 8% in recreational marijuana users. Overall odds of mortality were not increased significantly in AMI with marijuana group. However, marijuana users showed higher trends of AMI prevalence and AMI related mortality from 2010 to 2014. It is crucial to assess marijuana-related cardiovascular effects before we can fully explore therapeutic use. We aim to demonstrate the importance of patient history, including recreational drug use, in identifying the etiology of an otherwise unexplained myocardial infarction. The important role of clinicians in educating patients about the potential risks involved in marijuana overuse needs to be emphasized amidst legalization of marijuana use for therapeutic purposes. 
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